To compare statin nonadherence and discontinuation rates of primary and secondary prevention populations and to identify factors that may affect those suboptimal medication-taking behaviors. CONCLUSIONS: Statin nonadherence and discontinuation was suboptimal and similar across prevention categories. Incremental efforts, including those that decrease out-of-pocket pharmaceutical expenditures, should focus on improving adherence in high-risk populations most likely to benefit from statin use.
T
he efficacy of HMG-CoA reductase inhibitors (statins) in reducing coronary heart disease (CHD)-associated morbidity and mortality is widely accepted. [1] [2] [3] [4] [5] [6] What may be less well known is that the absolute magnitude of the benefit attributable to statins is closely linked to the level of CHD risk in the patient population for whom they are prescribed. Among individuals with documented CHD, for example, the 4S study demonstrated that statin use prevents 1 CHD event for every 63 patients treated over the course of a year. 7 Alternatively, for individuals with lower levels of CHD risk (i.e., with mildly elevated cholesterol levels), the AFCAPS/TexCAPS trial results in a number needed to treat of 429 patients to prevent 1 CHD event, excluding unstable angina, over 1 year. 7 Due to these differences, the cost-effectiveness of statin therapy is highly dependent on the CHD risk of the patient population taking these agents. Thus, the incremental clinical and economic benefits of statins are enhanced when prescribed for those at higher levels of CHD risk. Although the benefits of statin therapy are modified to a large extent by CHD risk, data are limited on whether adherence rates differ between primary and secondary prevention populations. The relationship between high adherence levels and improved CHD outcomes is documented in several populations with varying levels of CHD risk. [8] [9] [10] However, the published data on statin adherence are largely derived from clinical trials and retrospective studies that enrolled either primary or secondary, but not both, prevention populations. [1] [2] [3] [4] [5] [6] [11] [12] [13] While recent studies have reported differences in statin adherence rates among elderly patients at varying levels of CHD risk, 14, 15 they lack generalizability given their focus on older, publicly insured patients. Because current evidence suggests that individuals treated for secondary prevention have relatively more to gain from statin therapy than those treated for primary prevention, our primary objective was to compare nonadherence and discontinuation rates in these 2 prevention
populations. An additional aim was to identify modifiable factors that may affect those behaviors. In response to the mounting evidence suggesting that out-of-pocket expenditures are a barrier to adherence with prescription drugs, 16 -18 we assessed the role of patient copayment on statin nonadherence and discontinuation rates.
METHODS

Patient Population
We retrospectively reviewed the electronic medical and claims databases of a managed care organization (MCO) in the midwestern United States with approximately 200,000 enrollees. Individuals were considered eligible for the study if they were 18 years of age or older, a non-Medicaid MCO enrollee, and had filled at least 2 prescriptions for an HMG-CoA reductase inhibitor (statin) during the period of January 1, 1998 through November 30, 2001. Subjects were followed from the date of first statin prescription fill (index date) until: 1) disenrollment from the MCO; 2) switch to a non-statin antihyperlipidemic; 3) death; or 4) end of available pharmacy claims data.
Prevention Category
Through health system administrative databases, subjects were categorized as secondary prevention if they had either 1) (Table 1 ). All other patients were classified as primary prevention. A quality assurance protocol was developed a priori and conducted on the initially identified primary prevention cohort. A 10% random sample was drawn from the primary prevention group and medical records were thoroughly reviewed to assess the presence of the aforementioned secondary prevention criteria. The investigators agreed a priori that a misidentification threshold of 5% would be utilized to determine reliability of the secondary prevention identification protocol.
Outcomes
Two specific outcomes were measured: 1) nonadherence and 2) discontinuation of therapy.
Nonadherence. Nonadherence was defined as a dichotomous variable based on a patient's cumulative multiplerefill interval gap (CMG). CMG was defined as the number of days without medication (gap) divided by days of active statin use, expressed as a percentage. CMG may range from 0% (indicating no gap days and total adherence) to 100% (indicating complete nonadherence) and has been shown to be a reliable estimate of patient adherence in previous studies utilizing pharmacy records. 21, 22 For this study, the time period of active statin use is between the date of first statin prescription fill and the date of last statin prescription fill. Patients were considered "nonadherent" if their CMG was greater than 10% (indicating more than 1 day without therapy out of every 10 days) and "adherent" if their CMG was less than 10%. Any oversupply obtained by the patient was allocated to subsequent treatment gaps unless a change in statin brand or dose occurred. Once a change in brand or dose was evident, all previously obtained oversupply was deemed unusable.
Discontinuation. All patients who began statin therapy were assumed to require treatment for the remainder of their lives, regardless of their CHD risk level. Therefore, any gap in statin therapy, from the date of last prescription filled to the end of available pharmacy claims data, that could not be accounted for by the final prescription's days supply, any usable oversupply obtained up until that point, and/or a 7-day "grace period" was considered an inappropriate discontinuation of therapy. The following exceptions were allowed: 1) the patient was switched to a non-statin antihyperlipidemic agent (e.g., gemfibrozil, bile acid sequestrants); 2) the patient terminated enrollment in the MCO; or 3) the patient died. Patients who satisfied one of these exceptions were considered to have remained on their prescribed statin regimen. The grace period of 7 days is similar to that used in a previously published analysis of adherence that utilized pharmacy claims data. 15 As with prior analyses of time to discontinuation of statin therapy, 15 patients were required to have been enrolled in the MCO for at least 1 year prior to the date on which they had filled their first statin prescription. Patients who fulfilled these criteria were termed "statin-naive."
Statistical Analysis
Demographic and clinical data were compared among the primary and secondary prevention populations with the χ 2 statistic or Fisher's exact test for categorical variables and with the Wilcoxon rank sum test for ordinal variables.
A P value of less than .05 was considered significant for these comparative analyses. A logistic regression model was used to determine the predictive ability of potential explanatory variables on the odds of a patient exhibiting nonadherent behavior (CMG > 10%). Potential predictive variables, identified through univariate analysis of each variable and CMG, included gender, race, marital status (a proxy for social support), whether the patient tried multiple brands or dosages of statin therapy, whether the patient was prescribed a multiple daily dose regimen, whether or not the patient was statin-naive, average number of cardiologist visits per year, average number of low-density lipoprotein (LDL) tests per year, average days supply, average monthly copayment, and prevention category. We performed forward stepwise selection, maintaining variables significant at a P value of .05 and requiring age to be included in the model regardless of significance. As the definition nonadherent is arbitrary, sensitivity analyses were performed with 2 additional logistic regression models allowing for nonadherent behavior to be more liberally redefined as CMG > 20% and CMG > 30%.
The probability of statin discontinuation over time for patients identified as statin-naive was determined using a Cox proportional hazards model adjusting for the aforementioned potential confounders. For this analysis, the dependent variable was time to discontinuation of statin, and patients who did not fulfill the criteria for inappropriate discontinuation of statin therapy (as defined earlier) were censored. The time to discontinuation was defined as the number of days from the index date until the date on which either the supply obtained with the last filled prescription ran out, all oversupply ran out, or the 7-day grace period expired, whichever came first. All statistical analyses were performed with SAS for Windows, release 8.02 (1999-2001, SAS Institute Inc., Cary, NC).
RESULTS
Study Population Characteristics
There were 4,802 patients who met the inclusion criteria (Table 2 ). Of these, 2,258 (47%) were identified as secondary prevention and the remaining 2,544 patients (53%) were categorized as primary prevention. The quality assurance protocol identified 5 patients (2%) out of 255 randomly selected primary prevention patients as being truly secondary prevention patients. This 2% misidentification rate fell well below the a priori defined threshold and therefore the composition of the cohorts was determined to be acceptable.
The population was predominately white (82%) and male (56%) with a mean age of 59.7 years. Patients in the secondary prevention cohort were approximately 6.5 years older than their primary prevention counterparts and more likely to be male. In terms of health care utilization, secondary prevention patients had more visits to a cardiologist and a greater number of LDL tests per year. Out-ofpocket statin prescription expenses were significantly higher for secondary prevention patients as compared to primary prevention patients ($11.23 vs $9.93; P < .0001). There was no difference in average days supply per prescription fill; however, the primary prevention group was more likely to be prescribed once daily dosing regimens and to remain on one brand and dose of statin throughout the observation period.
Nonadherence
There was no significant difference between the primary and secondary prevention cohorts in their mean CMG nonadherence measurement (20.4% vs 21.5%, respectively; P = .149). These CMG levels correspond to a patient not taking the prescribed statin approximately 1 out of every 5 days. Likewise, there was no significant difference between the prevention categories in the percentage of patients for whom a CMG greater than 10% was calculated (56.4% vs 56.0%; P = .793). This lack of difference holds true regardless of the definition of nonadherent behavior ( Table 3) .
The factors associated with nonadherent behavior (CMG > 10%) are displayed in Table 4 . Women, patients less than 65 years of age, and African Americans were more likely to be nonadherent. Patients receiving multiple doses per day, those treated with multiple brands or doses of a particular medication, and those receiving less than 2 months (i.e., 65 days) supply of a medication per prescription fill were also more likely to be nonadherent. Adherent behavior was positively associated with the average number of LDL tests a patient had per year.
The increasing magnitude of patient cost-sharing had a large, negative effect on adherent behavior as illustrated by the 76.2% of patients with a $20 or greater copay meeting the definition of nonadherent behavior (CMG > 10%) as compared to 49.4% of those who paid less than $10. This significant difference across the mean prescription copay category was observed under more liberal definitions of nonadherence as well ( Table 3) . As compared to patients who had a copayment of less than $10, patients who paid at least $10 but less than $20 and those who paid $20 or greater were 1.45 and 3.23 times more likely to be non-adherent with statin therapy, respectively. Other variables that are notable for their lack of statistical significance include prevention category, marital status, average yearly cardiologist visits, and statin naiveté. Sensitivity analyses with modified definitions of nonadherent behavior revealed the same variables to be predictive of noncompliant behavior as found in the original model ( Table 4 ). The lone exception was the insignificance of gender in the model that defined nonadherent behavior as CMG > 30%.
Discontinuation
In order to study discontinuation of statin therapy and identify associated factors, the analysis was restricted to statin-naive patients ( n = 2,601). As shown in Figure 1 , primary prevention patients were significantly more likely to discontinue statin therapy relative to the secondary prevention cohort (relative risk [RR], 1.24; 95% confidence interval [CI], 1.08 to 1.43) over the mean observation period. The time at which 50% of patients discontinued statin therapy was 3.4 years for the secondary prevention cohort and 3.7 years for the primary prevention cohort.
Greater patient cost-sharing was associated with a higher likelihood of discontinuing a statin (see Fig. 2 ). Patients whose average monthly statin prescription copayment equaled or exceeded $20 were more than 4 times as likely to discontinue statin therapy than those patients who paid less than $10 (RR, 4.30; 95% CI, 3.39 to 5.44). Patients whose average monthly statin prescription copayment was greater than $10 but less than or equal to $20 were also more likely to discontinue statin therapy (RR, 1.39; 95% CI, 1.19 to 1.63) compared to those who paid less than $10. The time at which 50% of patients whose copay equaled or exceeded $20 discontinued statin therapy was 1.0 years and 2.2 years for those whose copayment exceeded $10 but was less than or equal to $20. The median time to discontinuation for patients who paid less than $10 was near the maximum possible observational period of 3.9 years. The effects of other factors on statin discontinuation are shown in Table 5 .
DISCUSSION
We report that adherence with statin therapy was less than optimal in cohorts treated for primary and secondary prevention and that adherence rates were not meaningfully different between groups. The observed level of nonadherence is undesirable and especially disappointing for individuals with documented CHD given the greater likelihood of negative outcomes in this high-risk group. There is no debate that clinicians, patients, and health plans should strive for optimal adherence rates in all treated patients. However, in an era of increasingly scarce resources devoted to quality-improving interventions, initiatives to enhance adherence to statin therapy, or any medical intervention for that matter, should be directed toward those individuals most likely to benefit from their use.
In an analysis of statin-naive patients, we detected a significantly higher discontinuation rate among primary prevention patients when compared to those treated for FIGURE 1. Survival curves for discontinuation of statin therapy by prevention category. Adjusted for all available covariates. The median time to discontinuation was 3.7 years for secondary prevention and 3.4 years for primary prevention. secondary prevention. This finding suggests that some degree of augmented retention occurs in those most likely to benefit from statin therapy, independent of the "day-today" adherence to active statin therapy. However, the likelihood of discontinuation observed was unacceptably high in both populations. The 50% discontinuation rate after 3.4 years found among secondary prevention patients in our study-higher than reported previously-should be of great concern to practitioners in lieu of recent findings documenting the risks of statin discontinuation in acute coronary syndrome or stable CHD patients. 23, 24 Moreover, the discontinuation rate detected in our primary prevention patients (50% at 3.7 years) was higher than those observed in WOSCOPS, 1 EXCEL, 2 and AFCAPS/TexCAPS, 3 where the discontinuation rates were 26% at 5 years, 16% at 1 year, and 29% at 5.2 years, respectively. Using methods that define adherence by the percentage of time a patient has drug available (or the percentage of time in which refill gaps are not present), several retrospective studies reported similar rates of statin adherence ranging from 64% to 84%. 12, 13, 25 A study of elderly Canadian and U.S. populations observed higher adherence rates for individuals with risk factors for future cardiac event.
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A recently published study involving this same elderly Canadian population confirmed these observations. 14 Similar findings were reported in a different elderly Canadian population with and without acute coronary syndrome. 15 The generalizability of these studies may be limited because only publicly insured patients older than 65 were enrolled. Recent surveys have demonstrated that elderly patients and those enrolled in Medicaid or other prescription assistance programs report difficulty in the procurement of prescription medications beyond that of the general population. [16] [17] [18] These poor levels of adherence to statin therapy as reported in the literature, coupled with our population where 38.3% of all patients had a CMG greater than 20%, are alarming given the recent evidence that patients with CMG levels greater than 20% have recurrent myocardial infarction and all-cause mortality outcomes not significantly different than patients who were not taking statin. 26 One significant finding from our analysis was that the level of patient copayment was an independent factor for statin discontinuation. Compared to those who had less than a $10 copayment, patients who paid greater than or equal to $20 were more than 4 times more likely to discontinue their statin; patients who paid between $10 and $20 per month per statin prescription were also more likely to cease therapy. Coincidence alone cannot explain the lower rates of discontinuation in clinical trials, where study medication is almost always provided free of charge to study subjects, as compared to statin discontinuation described within our study population where mean monthly prescription copayment had such a profound effect. Previously published studies report that an increase in prescription copayment can lead to a decrease in drug utilization. 27, 28 Making matters worse, it is possible that this undesirable effect of copayment on statin adherence may be even greater in the secondary prevention cohort for whom the mean out-of-pocket expense per prescription was significantly higher than those taking statins for primary prevention. Consumer cost-sharing has been a longstanding component of pharmaceutical cost containment. MCOs implement various cost-sharing arrangements to balance the demands for increased access to pharmaceuticals with pressures to constrain pharmaceutical cost growth. Conceptually, MCOs want to allow consumers to express their preferences for selected products by their willingness to pay, while ensuring that no prescription goes unfilled due to a patient's inability to pay the copay. There is a growing body of evidence demonstrating that effective therapies are not being used due to the requirement of a patient outof-pocket expenditure. The results presented herein would support the argument that modern cost-containment strategies are failing to constrain drug cost growth while optimizing essential drug utilization.
A copay structure based on potential clinical benefit, rather than drug acquisition cost, would alleviate some financial burden and allow patients to prioritize their outof-pocket expenditures. 29 What distinguishes this "Benefit Based Copay" from existing systems is its determination of patient copays based on medical need and not drug acquisition costs, as best determined from the available medical and economic evidence. If implemented, a benefitbased copayment structure would decrease the economic burden for the secondary prevention population and thereby potentially improve adherence in those high-risk patients.
In our study, several factors in addition to cost-sharing and prevention category were predictive of nonadherence and discontinuation to statin therapy. Being female, younger, and of a minority race corresponded to both noncompliant behavior and discontinuation. These findings support previous research describing medication adherence and procurement in minority groups 30 and female patients. 11, 13, 31 The number of cardiologist visits and LDL tests performed also were associated with improved statin adherence. The observed influence of these factors may argue that more intensive follow-up can improve patient adherence or, alternatively, these factors may simply serve as a proxy for patient adherence to a broad range of health care utilities. Finally, an increase in the complexity of the statin regimen influenced nonadherent behavior supporting previously published research examining the effects of dosing frequency on adherence. 32 Patients who were prescribed their medications more frequently than once daily or experienced multiple brand and/or dosage switches were more likely to refill their medication in a nonadherent fashion. Thus, physicians and pharmacists can potentially enhance patient adherence by prescribing and filling simplified drug regimens that optimize patients' insurance limits. Several limitations of our study are worth noting. First, we cannot account for tablet splitting. Such behavior would artificially increase the number of apparent gaps in therapy overall, but should have an equal effect on both prevention cohorts. Second, we lack information regarding the incidence of drug-related adverse events and the exact reason for discontinuation of statin therapy. Statin discontinuation may be clinically appropriate, such as for lack of efficacy or side effects. We completed our analyses under the assumption that patients who had been initiated on statin therapy would require it for life. Operating under this assumption, any stoppage in statin therapy should have been followed by initiation of a non-statin antihyperlipidemic agent. Third, as with any study that utilizes pharmacy claims databases, we could only determine that a prescription was filled and not if the patients actually took the medications at the time of day and at the frequency prescribed by their clinicians. Fourth, our use of medical claims and administrative databases for identification of our population lends to certain inherent weakness as recent claims and services may not reflect previous illness. Our use of a misidentification quality assurance check minimized the effect of inappropriately allotting a truly secondary prevention patient to the primary prevention cohort. Last, because our analysis was performed in a single site and we did not include Medicaid enrollees, the generalizability of our findings may be limited. Nevertheless, our study population is representative of managed care enrollees nationwide, a large population for whom these outcomes have yet to be published.
Conclusions
In this study, we found that nonadherence and discontinuation with statins was suboptimal and similar in primary and secondary prevention populations. A profound predictive effect of higher prescription copayment levels on nonadherence and discontinuation of statin therapy was observed. This expected yet undesirable impact of copayment, coupled with the fact that out-of-pocket expenditures were higher for the secondary prevention population, indicates that mechanisms implemented to constrain pharmaceutical expenditures may be detrimental to patient outcomes. While universal adherence for all patients is a desirable goal, incremental efforts should focus on improving adherence and discontinuation rates in those high-risk populations who are the most likely to benefit from their use.
